Crucial steps in tumor growth and metastasis are proliferation, survival, and neovascularization. Previously, we have shown that receptors for CXCL-8, CXCR1, and CXCR2 are expressed on endothelial cells and CXCR2 has been shown to be a putative receptor for angiogenic chemokines. In this report, we examined whether tumor angiogenesis and growth of CXCL-8-expressing human melanoma cells are regulated in vivo by a host CXCR2-dependent mechanism. We generated mCXCR2 
Introduction
Although melanoma is a disease that affects only 4% of persons afflicted with skin cancer, it is one of the leading causes of malignancy-related mortality in the United States. In 2008, it is estimated that 62,480 new cases of melanoma will be diagnosed in the United States, and 8,420 people will die due to this devastating disease (1) . Due to the high mortality associated with this disease, management requires an in-depth understanding of the biology of this complex disease.
The expression of CXCL-8 in melanoma has been shown to correlate positively with disease progression (2, 3) . The aggressiveness of malignant melanoma is attributed, in part, to the expression of CXCL-8 and its receptors CXCR1 and CXCR2 (4) . In addition to melanoma cells, both CXCR1 and CXCR2 are expressed on endothelial cells and neutrophils (5, 6) . Analysis of CXCR2 in human melanoma specimens showed that CXCR2 is expressed predominantly by higher grade melanoma tumors and metastases, suggesting an association between expression of CXCL-8 and CXCR2 in advanced lesions and metastases (4) . Previous reports from our laboratory and others have shown that CXCR1 and CXCR2 are expressed on endothelial cells (7) (8) (9) , and CXCR2 has been shown to play a role in angiogenesis, as it has been shown to be a putative receptor for angiogenic chemokines (5, 10) . In this report, we hypothesized that tumor angiogenesis and growth in CXCL-8-expressing melanoma cells are regulated in vivo by a host mCXCR2-dependent mechanism. We observed a significant inhibition of human melanoma tumor growth and experimental lung metastasis in mCXCR2 À/À mice as compared with wild-type mice. Inhibition in tumor growth and metastasis was associated with a decrease in melanoma cell proliferation, survival, inflammatory response, and angiogenesis. Genotyping using allele-specific PCR and mRNA analysis. Each mouse was genotyped (a representative gel picture shown in Fig. 1A ) using mouse tail DNA and amplified for CXCR2 tm1Mwm using CXCR2 wild-type primers (GGT CGT ACT GCG TAT CCT GCC TCA G and TAG CCA TGA TCT TGA GAA GTC CAT G), which amplify a 360 bp fragment of the wildtype allele and for the inserted neomycin gene using primers (CTT GGG TGG AGA GGC TAT TC and AGG TGA GAT GAC AGG AGA TC), which amplify a 280 bp fragment. Furthermore, to confirm the nude background, DNA was amplified for Foxn1 nu using primers (GGC CCA GCA GGC AGC CCA AG and AGG GAT CTC CTC AAA GGC TTC), which amplified a 168 bp fragment of the wild-type and mutant alleles. Subsequently, 10 AL of the amplified product was digested in a 20 AL volume with BseDI, which digests the Foxn1 nu allele to 110 and 58 bp products and the wild-type allele to 90, 53, and 20 bp. Absence of a band at 110 bp indicated a wild-type genotype and the presence of bands at 110 and 90 bp indicated a heterozygous genotype (Fig. 1A) . Average size and weight of mCXCR2 À/À nude mice were lower as compared with the age-matched wild-type and mCXCR2 +/À nude mice (Fig. 1C ). mCXCR1 and mCXCR2 mRNA expression in skin was determined in all three types of mice by semiquantitative reverse transcription-PCR as described earlier (12) using the following primers: mCXCR1, 5 ¶-AAT CTG TTG TGG CTT CAC CCA-3 ¶ ( forward) and 5 ¶-GCT ATC TTC CGC CAG GCA TAT-3 ¶ (reverse); mCXCR2, 5 ¶-GCT GTC GTC CTT GTC TTC C-3 ¶ ( forward) and 5 ¶-GCC TTG TCA ATG TCA TCG C-3 ¶ (reverse); glyceraldehyde-3-phosphate dehydrogenase, 5 ¶-CGC ATT TGG TCG TAT TGG G-3 ¶ ( forward), and 5 ¶-TGA TTT TGG AGG GAT CTC GC-3 ¶ (reverse; Fig. 1B ). PCR conditions were as follows: 95jC for 10 min; 35 cycles of 95jC for 45 s, 60jC for 1 min and 72jC for 1 min. PCR fragments were separated on a 2% agarose gel containing ethidium bromide (0.25 Ag/mL) and visualized and analyzed using the Alpha Imager gel documentation system (Alpha Innotech).
Materials and Methods
Cell culture and reagents. A375SM, a highly metastatic human melanoma cell line was maintained in culture in DMEM supplemented with fetal bovine serum, 1% L-glutamine, 1% vitamin solution (MediaTech), and gentamicin (Invitrogen). Cultures were maintained for no longer than 4 weeks after recovery from frozen stocks.
In vivo tumor growth and experimental lung metastasis. Immunohistochemical analysis. Immunostaining was performed as described previously (4) using antibodies: mouse monoclonal antiproliferating cell nuclear antigen (PCNA; 1:40; Santa Cruz Biotechnology), rat anti-mouse GR-1 (1:50; Southern Biotechnology Associates, Inc.), and mouse biotinylated GS-IB4 (isolectin from Griffonia simplicifolia; 1:50; Vector Laboratories). Tumor cell apoptosis was measured using terminal deoxynucleotidyl transferase biotin-dUTP nick-end labeling (TUNEL). Briefly, tumor sections were deparaffinized by incubation in EZ-Dewax (Biogenex) and rinsed in distilled water to remove residual EZ-Dewax. Sections were blocked for 30 min and incubated with primary antibodies overnight at 4jC. Subsequently, the sections were incubated with the respective biotinylated secondary antibodies (1:500 in PBS) for 45 min, except for GS-IB4, at room temperature. Immunoreactivity was visualized by incubation with avidinbiotin complex and diaminobenzidine tetrahydrochloride substrate (Vector Laboratories). The sections were observed and stained cells and vessels were counted microscopically (Nikon E400 microscope) using a 5 Â 5 reticle grid (Klarmann Rulings).
Statistical analysis. All the values are expressed as mean F SE. Differences between the groups were compared using unpaired two-tailed t test using SPSS software (SPSS, Inc.). In vivo analysis was performed using Mann-Whiney U test for significance. P V 0.05 was considered statistically significant.
Results
Knockdown of mCXCR2 decreased human melanoma growth and experimental lung metastasis. To examine the role of host CXCR2 in melanoma growth, nude mice (wild-type, mCXCR2 +/À , or mCXCR2 À/À ) were s.c. injected with A375SM cells.
Tumor size was measured over a 6-week period. We observed a significant inhibition in melanoma growth in mCXCR2 À/À and mCXCR2 +/À mice as compared with the wild-type mice ( Fig. 2A) . mCXCR2 +/À mice showed lower melanoma growth kinetics as compared with wild-type mice and higher as compared with mCXCR2 À/À mice, suggesting that the host mCXCR2 levels may be critical in melanoma growth.
In the next set of experiments, we examined the role of host mCXCR2 in melanoma metastasis. For experimental lung metastasis, A375SM cells were injected i.v. into wild-type, mCXCR2 +/À , or mCXCR2 À/À nude mice. We found a significantly lower median number and size of metastatic lung nodules in mCXCR2 À/À as compared with mCXCR2 +/À and wild-type mice (Fig. 2B) . We also confirmed the levels of mCXCR2 in tumors obtained from all three groups of mice (Fig. 2C) .
Knockdown of host mCXCR2 inhibits human melanoma proliferation, survival, and angiogenesis. To further assess the mechanism for reduced melanoma growth and metastasis in mCXCR2 À/À mice, we next examined cellular proliferation, survival, and angiogenesis in tumors from mCXCR2 À/À , mCXCR2
, and wild-type nude mice. Cellular proliferation was analyzed by PCNA immunostaining of tumor sections which showed a significant decrease in PCNA-positive cells in tumors obtained from mCXCR2 À/À and mCXCR2 +/À nude mice as compared with wildtype nude mice (Fig. 3A) . To examine apoptosis in tumors, TUNEL immunostaining of tumor sections was performed. We observed a significant increase in TUNEL-positive cells in tumors from mCXCR2 À/À and mCXCR2 +/À nude mice as compared with tumors in wild-type mice (Fig. 3B) . Microscopic examination of tumor tissue immunostained for blood vessels showed significantly lower numbers of microvessels in tumors from mCXCR2 À/À and mCXCR2 +/À mice as compared with tumors from wild-type nude mice (Fig. 4A) . On average, tumors from mCXCR2 À/À and mCXCR2 +/À mice showed a 64.3% and 35.7% reduction, respectively, in the number of blood vessels as compared with the tumors from wild-type nude mice (Fig. 4B) . Together, these data show that host CXCR2 is necessary for malignant cell proliferation, survival, and neovascularization.
Reduced tumor-induced inflammatory response in mCXCR2 À/À nude mice. CXCR2-deficient mice have been shown , and mCXCR2 À/À nude mice whereas expression mCXCR2 was reduced in mCXCR2 +/À and completely knocked down in mCXCR2 À/À nude mice. C, average size and weight of mCXCR2 À/À mice were lower when compared with age-matched mCXCR2 +/À and wild-type nude mice.
to have a deficiency in neutrophil recruitment following inflammation (13) . We examined the importance of host CXCR2 on tumor-induced inflammatory response by examining neutrophil infiltration in tumor tissue using GR-1 immunohistochemistry. Neutrophil infiltration in tumors from mCXCR2 À/À nude mice was greatly reduced (Fig. 4B) as compared with the tumors from wildtype nude mice. Quantification of neutrophil infiltration showed a significant (3.0-fold to 4.3-fold decrease) difference in the neutrophil population in tumors from mCXCR2 À/À and mCXCR2 +/À nude mice as compared with tumors from wild-type nude mice (Fig. 4D) .
Discussion
In this report, we show that host mCXCR2 plays an important role in melanoma growth and metastasis. The decrease in tumor growth and experimental lung metastasis in mice that lack mCXCR2 expression was associated with a decrease in melanoma cell proliferation, survival, inflammation, and angiogenesis.
CXCR2 is expressed by vascular endothelial cells and is the primary functional chemokine receptor in mediating endothelial cell chemotaxis in response to CXCL-8 (5). We have shown that CXCL-8, a CXCR2 ligand, induces endothelial cell tube formation and inhibits apoptosis in endothelial cells via CXCR1 and CXCR2 (8) . Therefore, the fact that tumor growth was inhibited in mCXCR2 À/À mice suggests the importance of host CXCR2 as a key determinant of melanoma angiogenesis, growth, and experimental lung metastasis. Additional support is provided by the observation that tumors in mCXCR2 À/À mice had decreased tumor cell proliferation and survival, suggesting the importance of host CXCR2 expression in the regulation of phenotypes associated with melanoma growth and experimental lung metastasis. Our data suggest that loss of at least one allele of host CXCR2 has a greater effect on the ability of melanoma cells to metastasize than it does on tumor growth. Melanoma growth in mCXCR2 +/À mice was slower as compared with growth in wild-type animals, but was not significantly different. However, we observed a significant inhibition of experimental lung metastasis in mCXCR2 +/À animals as compared with wild-type animals. These data suggest organ site-dependent CXCL-8-CXCR2 signaling in melanoma growth and metastasis. A previous study showed that melanoma growing in the skin microenvironment expressed significantly higher levels of CXCL-8 as compared with the lung microenvironment (14) , which can affect CXCL-8-mCXCR2-dependent responses. In addition, our data clearly show that loss of both alleles of host CXCR2 further inhibited melanoma growth in the skin microenvironment and experimental lung metastasis.
Previous reports have suggested a role for the CXCL-8-CXCR2 axis in melanoma angiogenesis (4) . We hypothesized that this process might be diminished in mCXCR2 À/À mice. Our results
show that tumor angiogenesis was decreased in mCXCR2 À/À and mCXCR2 +/À mice compared with wild-type nude mice. These results are in agreement with another report in which the absence of CXCR2 on host endothelial cells within the tumor, tumorassociated angiogenesis, was markedly reduced (15) . Similarly, attenuation of CXCR2 activity has been shown to inhibit angiogenesis and tumor growth (16) .
Our data showed a diminished inflammatory response as observed by decreased neutrophil infiltration in tumors in Figure 3 . Decreased proliferation and survival in tumors from mCXCR knockout mice. Immunohistochemical staining for PCNA (A) and TUNEL (B ) was analyzed as described in Materials and Methods. Stained cells were counted in 10 arbitrarily selected fields at Â200 magnification in a double-blinded manner. Columns, average number of immunostained cells per field view (*, P < 0.05). Figure 4 . Inhibition in neovascularization and neutrophil infiltration in tumors from mCXCR2 knockout mice. Immunohistochemical staining for microvessels (A) using GS-IB4 and neutrophils (C ) using mouse GR-1 was analyzed as described in Materials and Methods. Microvessel density (B ) and neutrophils (D ) were quantitated microscopically with a 5 Â 5 reticle grid at Â400 magnification. Columns, average number of immunostained positive cells; bars, SE (*, P < 0.05). Original magnification, Â200.
mCXCR2
À/À mice. CXCR2 is the major mediator of neutrophil migration to sites of inflammation in addition to its angiogenic effect (17, 18) . Mice that lacked an intact mIL-8Rh gene had a loss of neutrophil chemotactic response and intracellular calcium flux to mMIP2 and hIL-8/CXCL-8 (11, 19) , suggesting that mCXCR2 is the primary (or only) chemokine receptor for these ligands on mouse neutrophils. In the present study, we have compared neutrophil infiltration in tumors from wild-type and mCXCR2
+/À with mCXCR2 À/À nude mice. Our results show that mCXCR2 À/À mice had minimal neutrophil infiltration in tumors. The decrease in neutrophil infiltration in tumors from mCXCR2 À/À mice and their inability to respond to tumor-derived CXCL-8, in turn, decreases melanoma neovascularization, tumor growth, and metastasis in a paracrine manner. Neutrophils have been shown to play a role in promoting the metastatic phenotype of tumors releasing CXCL-8 (20) . In summary, our results suggest that host CXCR2 plays a critical role in melanoma growth, angiogenesis, and experimental lung metastasis. We have observed that loss of host CXCR2 (endothelial cells and inflammatory cells) has a significant effect on melanoma growth, angiogenesis, and experimental lung metastasis. Hence, targeting the expression of host CXCR2 may represent a potential target for therapeutic intervention in CXCR2 ligand-producing malignant tumors.
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